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(57)Abstract: 

PROBLEM TO BE SOLVED: To bombard electrons from a 
ferroelectric cathode directly into a gas by using an element formed of 
a ferroelectric substance or a combination of a ferroelectric substance 
with an electrode as a source for generating an electron beam, and 
applying a high-voltage pulse to the source. 
SOLUTION: A plate-shaped ferroelectric body 1 is sandwiched 
between two electrodes 2 and 3 at both surfaces thereof. An electron 
emitting surface is grounded while covered with slit electrodes 2 so 
that part of the body 1 is exposed. On the other hand, the entire back 
surface of the substance 1 is completely covered with an inverting 
electrode 3. An inverting voltage source 8 is connected to the inverting 
electrode 3 on the back of the body 1 , and a bipolar rectangular wave 
is applied to the electrode 3. According to this configuration, when the 
electrode 3 switches its polarity from positive to negative rapidly, the 




internal polarization of the substance 1 is inverted, thereby generating negatively polarized charges in the 
vicinity of the electrodes 2. As a result, electrons stored in the surface of the substrate 1 toward the 
electrodes 2 are repelled out electrostatically through the gap of each slit, and hence an electron beam 4 
can be bombarded into a gas 5 directly. 
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CLAIMS 



[Claim(s)] 

[Claim 1] When this electron beam generation source impresses a pulse voltage to a ferroelectric in the gas excitation 

equipment which pours in into gas the electron made to emit from an electron beam generation source, and excites it, it 

is gas excitation equipment characterized by being the thing to which an electron is made to emit. 

[Claim 2] Said electron beam generation source is gas excitation equipment according to claim 1 characterized by 

having inserted the ferroelectric plate with two electrode plates, and impressing a pulse voltage to these two electrode 

plates. 

[Claim 3] One side of said two electrode plates is gas excitation equipment according to claim 2 characterize by 
constitute from the metal vacuum evaporationo film thin enough or metal thin film which constitutes , and is make to 
emit an electron from the this exposed field , or an electron penetrates , and which is extent so that some ferroelectrics 
may be outside exposed , and make an electron emit from the metal thin film . 

[Claim 4] Gas excitation equipment according to claim 3 characterized by having impressed the amphipathy square 
wave pulse voltage reversed from a straight polarity electrical potential difference to negative polarity to the electrode 
by the side of the rear face of said two electrode plates, and grounding the electrode plate by the side of an electron 
emission side. 

[Claim 5] Gas excitation equipment according to claim 3 characterized by preparing the anode plate which connected 

the source of acceleration voltage to it while impressing the amphipathy square wave pulse voltage reversed from a 

straight polarity electrical potential difference to negative polarity to the electrode by the side of the rear face of said 

two electrode plates and grounding, the electrode plate by the side of an electron emission side to it. 

[Claim 6] Gas excitation equipment according to claim 1 to 5 characterized by pulling out an electron from a 

ferroelectric where said ferroelectric and gas are contacted, and pouring in an electron directly into gas from a 

ferroelectric. 

[Claim 7] Gas excitation equipment according to claim 1 to 3 characterized by making an electron once emit into a 

vacuum from said ferroelectric, and pouring in an electron into gas through a diaphragm etc. after that. 

[Claim 8] Gas excitation equipment according to claim 7 characterized by having impressed the amphipathy square 

wave pulse voltage reversed from a straight polarity electrical potential difference to negative polarity to said both two 

electrode plates, and having grounded said diaphragm to it, and making it function on it as an anode plate. 

[Claim 9] Gas excitation equipment according to claim 7 which connects the source of acceleration voltage to a surface 

electrode, and makes a two-electrodes plate negative quantity potential, and is characterized by having grounded said 

diaphragm and making it function as an anode plate while impressing an amphipathy square wave pulse voltage which 

a rear-face electrode reverses from straight polarity to the surface electrode by the side of electron emission between 

said two electrode plates at negative polarity. 

[Claim 10] Gas excitation equipment according to claim 1 to 8 characterized by having prepared the electrode of the 
pair for controlling the orbit of said electron beam made to emit, a cross-section configuration, and a dimension, and 
impressing an electrical potential difference to^this inter-electrode ones. 

[Claim 1 1] Gas excitation equipment according to claim 1 to 9 characterized by having had the field generating coil for 
controlling the orbit of said electron beam made to emit, a cross-section configuration, and a dimension, and passing a 
current in this coil. 



[Translation done.] 



http://ww4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A% 5/22/2006 




http://www4.ipdl.ncipi.go.jp/NSAPITMP2/web338/IMAGE/20060523000002670261.gif 



JP,2001-015840,A [DETAILED DESCRIPTION] 



Page 1 of 6 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the gas excitation equipment used for example, in gas laser 
equipment. By exciting laser medium gas and installing an optical resonator etc. in the perimeter, gas laser equipment 
changes the stored energy in gas into laser light, and takes it out. In semiconductor industry, the high repeat laser 
equipment of the output energy of joule extent is already widely used per pulse. Moreover, he is a candidate with 
strong gas laser equipment also as a future laser driver for nuclear fusion. In the field of this high power laser, although 
the high repeat function is not equipped, the diameter gas laser equipment of macrostomia for research is already 
developed, and it is still used for the experiment. In addition, this invention is very useful for the improvement in the 
engine performance of sources of electron emission to the inside of a vacuum or gas, such as a display, chemical 
reaction equipment, the various light sources, and a source of ozone. 
[0002] 

[Description of the Prior Art] The main conventional gas excitation approaches pour electrical energy into direct gas. 
By the electric field between cathode and an anode plate, the electron was pulled out from cathode, it accelerated, the 
high energy electron beam was generated, and gas was excited by driving in the electron beam into gas. Based on this 
method, it roughly divided into conventional gas laser equipment, and there were two kinds of methods, an "electron- 
beam-excitation type' 1 and a "discharge excitation type", in it. The example of a configuration of the "electron-beam- 
excitation type" of the conventional technique is shown in drawing 6 , and the example of a configuration of the 
"discharge excitation type" of the conventional technique is shown in drawing 7 . 

[0003] In the conventional electron-beam-excitation type equipment shown in drawing 6 , the device for electron beam 
generation is roughly divided into two steps. They are the electron emission from the 1st cathode surface, and 
acceleration of the 2nd emission electron. In electron emission, many minute projections are prepared in the cathode 
surface (electron emission side 20) used as an electron source, and a heavy current community is produced in the 
countless projection point. Consequently, an electron is made to emit from a projection point by the heavy current 
community (several more than MV/cm) at the tip of a minute projection (field emission). 

[0004] Next, by the emission electron, the plasma is made to a cathode surface (electron emission side 20), and the 
whole front face is covered with the plasma. This plasma carries out the role of the cathode for electron emission 
substantially. From the cathode surface plasma, an electron is easily pulled out by the electric field between an opposite 
anode plate and the surface plasma. The gas maintenance thin film 10 is grounded in drawin g 6 R> 6, and this thin film 
commits an anode plate. That is, an electron is accelerated between the cathode 21 in a vacuum (vacuum acceleration 
section 9), and the gas maintenance thin film 10, and the electron beam 4 of high energy is generated. The generated 
electron beam is driven into the laser gas 5 of atmospheric pressure extent through the gas maintenance thin film 10. As 
a result, a laser gas molecule is excited by electronic collision. 

[0005] In the electron-beam-excitation type equipment represented by drawing 6 , a typical cathode area (electron 
emission side 20) is about 10cm in die length of 100cm, and width of face. The source 1 1 of acceleration voltage is 
connected to cathode 21, and a negative high-voltage pulse (-several 100- -lOOOkV, pulse width : a-ten number - 100ns 
of numbers) is impressed. In the anode plate (gas maintenance thin film 10), the laser gas of the vacuum section and 
atmospheric pressure extent is usually separated using the metal thin film. The dimension of an anode plate thin film is 
usually about 30cm in the thickness number of 10 microns, die length of 100cm, and width of face. The diaphragm 
installed in the boundary of this vacuum and gas is divided into two sheets, the metal thin film for anode plates, and the 
thin film for gas pressure maintenance, in fact, both are opposed in parallel at intervals of about several cm, and it 
places, and it both grounds and uses in many cases. In this case, an electron beam will penetrate the metal thin film of 
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two sheets out of a vacuum, and will be driven in into gas. The volume of the gas to excite reaches the aperture of lm, 
and die length of 2m with large-sized equipment. 

[0006] On the other hand, laser gas is filled up with the discharge excitation type equipment of the conventional 
technique shown in drawin g 7 in the discharge tube, and gas is excited by inter-electrode discharge. In drawin g 7 , 
cathode 21 and an anode plate 12 are installed in the both sides of the gas container 6, and laser gas 5 is filled among 
both. The die length of about several cm and an electrode of both width of face and spacing of an electrode is about 50- 
100cm. By connecting the source 1 1 of acceleration voltage to cathode 21, the high voltage (several lOkV) is impressed 
to inter-electrode, and medium gas is excited by inter-electrode glow discharge. In order to obtain stable glow 
discharge, it is necessary to generate uniformly the charge of amount sufficient at the time of discharge starting to a 
discharge field, therefore X-ray irradiation or UV irradiation performs preliminary ionization of laser gas 5. 
[0007] 

[Problem(s) to be Solved by the Invention] With conventional electron-beam-excitation-type gas laser equipment A 
vacuum and laser medium gas The thin film to separate 0 [ <A HREF='VTokujitu/tjitemdrw.ipdl? 
N0000=237&N0500=lE_N/;> <?>:7;?///&N0001=338&N0552=9&N0553=000008 n ] In the gas maintenance thin film 
10 of TARGET=' f tjitemdrw n > drawing 6, electronic are recording and scattering loss were large, and this energy loss 
had restricted the effectiveness of the whole equipment greatly. There was a problem of the vacuum leakage by the thin 
film seal part which separates gas and a vacuum in long duration actuation of laser equipment to coincidence, the 
mechanical-strength fall of a thin film, the corrosion of the thin film by laser gas, and contamination of the laser gas 
accompanying it. Generally, since diameter[ of macrostomia ]-izing is easy for electron-beam-excitation-type 
equipment, it fits generating of high power laser light. However, since the gas maintenance thin film 10 was used, it 
was impossible to have generated high power laser light that it is efficient and continuously under the high repeat 
actuation covering long duration. 

[0008] Moreover, in conventional electron-beam-excitation type equipment, generation of an electron beam was greatly 
restrained by the above-mentioned electron emission device. That is, in order that the amount of electron emission from 
a cathode surface might be dependent on the configuration and magnitude of a minute projection, and number density, 
when these geometric conditions were insufficient, generation of the cathode surface plasma by the emission electron 
had taken time amount. Therefore, compaction of the build up time of an electron beam current wave form was difficult 
(about 40 - 50ns). Moreover, since the impedance of the electron beam generating section was dependent on an 
electrode surface product and spacing, and applied voltage, the amount of electron beam currents was prescribed by 
these conditions, and a free expansion of electron beam emission area was difficult. Since the cathode surface plasma 
furthermore progressed in the direction of an anode plate with time amount, the substantial electrode spacing decreased 
with time amount, and a time reduction of an impedance was brought about. For this reason, it was difficult to keep 
constant electron beam acceleration voltage and a current value in electrical-potential-difference impression time 
amount. 

[0009] Also in the equipment of a discharge excitation type, difficulty was in electron emission from the electrode. 
With the gas laser equipment of this method, high electric field needed to be impressed to inter-electrode [ with which 
gas was filled up for the electron emission from cathode ], therefore the* glow discharge in the inside of gas became 
unstable, and there was a fault of being easy to shift to arc discharge. Although the equipment of a discharge excitation 
type was excellent in high repeat actuation, diameterf of macrostomia ]-izing of the discharge tube, i.e., generation of a 
large area and high power laser light, was impossible for it because of such discharge instability. 
[0010] Then, this invention solves this trouble, makes it possible to drive in an electron directly into gas from 
ferroelectric cathode, and aims at offering the gas excitation equipment in which high power, efficient, and quantity 
repeat actuation are possible. 
[0011] 

[Means for Solving the Problem] The component constituted from a ferroelectric or a ferroelectric, and an electrode is 
used for this invention as an electron beam generation source. However, the dimension of the ferroelectric in an 
electron beam generation source, a configuration, and the configuration approach of an electrode are not limited to one. 
Moreover, the device for the electronic drawer from a ferroelectric is not necessarily needed for the location separated 
from the ferroelectric. 

[0012] As the one creation approach of the source of electron emission using a ferroelectric, an electron emission 
component is constituted by inserting a ferroelectric plate with two electrode plates ( drawing 1 - drawin g 5 ). Metal 
vacuum evaporationo **** thin enough which is extent which covers the electron emission side of a ferroelectric plate 
with the electrode of the shape of surface type, such as the shape of a slit, so that some ferroelectrics may be outside 
exposed, or an electron penetrates is covered and grounded with a metal thin film etc. (slit electrode 2 of drawing 1 - 
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drawing 5 ). A rear-face side covers the whole surface of a ferroelectric completely with a uniform electrode (reversal 
electrode 3 of drawin g 1 - drawing 5 ), and the power source for impressing the below-mentioned high-voltage pulse is 
connected (reversal voltage source 8). 

[0013] A straight polarity pulse is impressed to the reversal electrode 3 by the side of the introduction rear face, and an 
electron is accumulated in a slit-like electrode or a metal thin film by the side of a front face etc. (slit electrode 2). In 
the case of a slit-like electrode, an electron is accumulated also in the ferroelectric front face of the clearance between 
slits. Next, the electrical-potential-difference polarity of the reversal electrode 3 is quickly reversed to negative, and 
polarization in a dielectric is reversed. In the case of a slit-like electrode, by this rapid polarization reversal, the electron 
which was being accumulated in the ferroelectric front face of the clearance between slits is calculated outside 
electrostatic through the clearance between slits. Moreover, in the case of the electrode constituted from metal vacuum 
evaporationo film or a metal thin film, the electron accumulated in the thin film passes direct or a thin film from a thin 
film front face, and it is calculated outside electrostatic. Drive in the calculated electron into gas as it is, it is made to 
collide with a gas molecule, and gas is excited. 

[0014] As long as conditions allow in the case of this electronic flipping ****, only a negative polarity pulse may be 
impressed to the reversal electrode 3 from the start, and the effectiveness same [ without reversing an electrical 
potential difference on the way ] may be produced. The electron emitted from the ferroelectric may be accelerated by 
external electric field if needed ( drawing 2 , 3). Moreover, the orbit of an emission-electron beam, a cross-section 
configuration, or a dimension may be controlled by the location of arbitration ( drawing 4 , 5). 

[0015] Thus, where a ferroelectric and gas are contacted, it becomes possible to make an electron emit directly into gas 
from a ferroelectric. Consequently, the following matters or actuation is attained. 

[0016] (1) Since the direct electron emission to the inside of gas becomes possible, remove the gas maintenance thin 
film 10 which was being used in electron-beam-excitation type gas laser equipment, and the gas excitation method 
which drives in an electron beam into direct gas, without minding a vacuum becomes possible. By adopting this 
method, various problems which originated in the gas maintenance thin film until now are solved. y 

(2) In electron-beam-excitation type equipment, generation of the cathode surface plasma becomes unnecessary in the 
case of the electron emission from cathode to the inside of a vacuum. Therefore, in conventional equipment, the build 
up time of an electron beam current can be shortened sharply. 

(3) In electron-beam-excitation type equipment, the problem of the progress of the plasma in the direction of an anode 
plate from a cathode surface is solved. Therefore, in conventional equipment, time fluctuation of the acceleration 
voltage of an electron beam and a current value decreases. 

(4) In an electron-beam-excitation type and discharge excitation type equipment, since the existing provisions for 
electron beam generation (an electrode surface product, an electrode spacing, field strength, etc.) are eased sharply, 
expansion of the emission-electron beam cross section becomes very easy. 

(5) In discharge excitation type equipment, since the heavy current community for electron emission becomes 
unnecessary, an inter-electrode electrical potential difference can be reduced, and the stability of glow discharge 
improves. 

(6) In discharge excitation type equipment, electron emission becomes very easy and preliminary ionization of 
indispensable gas becomes unnecessary with conventional equipment. 

[0017] 

[Embodiment of the Invention] The gas laser equipment which is made to emit an electron from the component 
hereafter constituted from a ferroelectric as shows this invention to drawing 1 - drawing 5 , generates an electron beam, 
devotes itself into gas, and excites gas is made into an example, and is explained to a detail. 

[0018] Drawing 1 contacts a ferroelectric and gas and shows the 1st example of a configuration which is made to emit 
an electron into direct gas from a ferroelectric, and excites gas. Here, the example of a configuration which faces across 
both sides of the tabular ferroelectric 1 with the electrode of two sheets is shown. Although it is usable if there is about 
1mm of thickness of a ferroelectric from several 100 microns, according to the purpose and operation, the thickness 
beyond it is sufficient. It covers and grounds with a slit-like electrode (slit electrode 2) so that some ferroelectrics may 
be exposed in respect of electron emission. The width of face (width of face of a ferroelectric exposure) of a slit is 
comparable as the thickness of a ferroelectri c 1, or it is desirable to make it less than [ it ]. However, the width of face 
of a slit does not emit an electron in zero. Since the one thinner enough of the thickness of a slit electrode is 
advantageous to electron emission compared with the thickness of a ferroelectric, metal vacuum evaporationo or a 
metal mesh thin enough may constitute a slit electrode. Or a slit electrode etc. may not be used but the whole electron 
emission side may be covered with the metal vacuum evaporationo film or metal thin film of thinness which is extent 
which can penetrate electronic. On the other hand, it sets at the rear face of the opposite side, and is completely a wrap 
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(reversal electrode 3) with an electrode about the whole ferroelectric surface. 

[0019] The reversal voltage source 8 is connected to the reversal electrode 3 on the back, and the square wave of 
amphipathy like illustration is impressed to a reversal electrode. Although the magnitude of applied voltage is decided 
by dielectric-breakdown reinforcement of a ferroelectric, it is several [ about ] kV per thickness of 1mm of a 
ferroelectric. For pulse width, although based on the purpose of use, straight polarity and negative polarity are several 
10ns. They are extent or more than it. 

[0020] When a straight polarity electrical potential difference is impressed to the introduction reversal electrode 3, a 
charge is accumulated in both sides of a ferroelectric 1 like charge of the usual capacitor. In the slit electrode 2 side 
used as an electron emission side, an electron is accumulated also in the ferroelectric front face of the part of the 
clearance between slits. 

[0021] Next, if the polarity of the reversal electrode 3 is quickly reversed from forward to negative, polarization of the 
ferroelectric 1 interior will be reversed and negative polarization charge will be generated inside the ferroelectric near 
the slit electrode 2 side. The electron which was being accumulated in the ferroelectric front face by the side of a slit 
electrode as a result is calculated outside electrostatic through the clearance between slits. When the electrode by the 
side of an electron emission side is constituted by the metal vacuum evaporationo film or the metal thin film, an 
electron is calculated through direct or a thin film from those thin film front faces. The time amount by which an 
electron is calculated is equal to negative polarity pulse width about. The calculated electron is driven in into direct 
laser gas 5, and laser gas is excited by making it collide with a gas molecule. Consequently, the laser light 7 can be 
taken out towards illustration. 

[0022] By following this example, the gas maintenance thin film which was being used in conventional electron-beam- 
excitation type equipment becomes unnecessary, and it becomes possible to drive in an electron beam into direct gas, 
without minding a vacuum. By adopting this method, various troubles resulting from a gas maintenance thin film are 
canceled, and the energy transfer efficiency of equipment is also improved sharply. Moreover, also in conventional 
discharge excitation type equipment, electron emission becomes very easy, the stability of discharge is acquired and 
diameterf of macrostomia ]-izing and high power-ization of equipment are attained. 

[0023] Drawing 2 makes an electron once emit into a vacuum from a ferroelectric, and shows the 2nd example of a 
configuration driven in into gas through a thin film next. The electron emission device from a ferroelectric is 
completely the same as the case where it illustrates to drawing 1 R> 1 . That is, the reversal voltage source 8 is 
connected to the reversal electrode 3 on the back, a bipolar pulse like illustration is impressed to the reversal electrode 
3, and an electron is calculated electrostatic from the surface slit electrode 2. 

[0024] In this 2nd example of a configuration, the source 1 1 of acceleration voltage is connected to the both sides of the 
slit electrode 2 of the both sides of a ferroelectric 1, and the reversal electrode 3, and the negative high voltage (lOOkV 
of numbers [ - ]) is impressed. Therefore, the grounded gas maintenance thin film 10 (metal thin film) functions as an 
anode plate. It is accelerated in the vacuum acceleration section 9, and the electron emitted from the slit electrode side 
on the front face of a ferroelectric serves as the electron beam 4 of high energy, and is driven in into laser gas 5 through 
the gas maintenance thin film 10. Since a gas maintenance thin film is usually the thickness of several 10 microns, an 
electron beam penetrates a thin film and enters into laser gas. When the electron beam of high energy is required, and 
an electron is made to once emit into a vacuum like this example, it accelerates and it is devoted into gas through a thin 
film after that, it is advantageous in many cases. 

[0025] This invention contributes to the property improvement of the electron beam generating section in conventional 
electron-beam-excitation type equipment greatly. In conventional equipment, there were the difficulty of the lateness of 
the standup of an electron beam current wave form, the electrical potential difference within (several 10ns - about 
100ns of numbers) electron beam duration, fluctuation of a current value, and electron beam cross-section expansion 
and un- arranging [ of ** ]. These all originated in the difficulty of the electron emission from cathode. That is, much 
minute projections (height, width of face, several 10 - 100 microns of numbers) were prepared in the cathode surface 
(electron emission side 20 of drawing 6 R> 6) installed into the vacuum, electric field were emphasized by the 
projection point (several more than MV/cm), and the electron was made to emit into a vacuum from the local high 
electric-field section in electron-beam-excitation type equipment (field emission). Therefore, in order that the amount 
of electron emission might be dependent on the area consistency of the form of a minute projection of a cathode 
surface, magnitude, and the number of projections etc., when the geometric condition of these cathode surfaces was 
inadequate, the good electron emission characteristic was not acquired. Moreover, the latency time produced [ the 
plasma after electron emission from a minute projection ] the cathode surface on the wrap occasion, and this made 
difficult compaction of the build up time of an electron beam wave (about 40 - 50ns). Furthermore, the impedance of 
the electron beam generating section (between cathode and an anode plate) decreased in time with progress in the 
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direction of an anode plate of the cathode surface plasma, and, as a result, the electron beam electrical potential 
difference and the current suited the inclination to fall in the second half of a pulse. It was what also depends the 
difficulty of electrode surface product expansion on these constraint, 

[0026] In the 2nd example of a configuration shown in drawing 2 , it becomes unnecessary to make a cathode surface 
produce a heavy current community on the occasion of electron emission, and the electron emission to the inside of a 
vacuum becomes very easy. Moreover, since generation of the cathode surface plasma also becomes unnecessary, 
various constraint about the electron beam generation in equipment is mitigated sharply conventionally. That is, when 
using a gas maintenance thin film as usual in electron-beam-excitation type equipment, stabilization of compaction of 
the build up time of an electron beam current wave form which was difficult until now, an electron beam electrical 
potential difference, and a current value, expansion of an electrode surface product, etc. become easy, and it becomes 
possible to improve the property of equipment sharply. By following this 2nd example of a configuration, the design of 
the diameter of macrostomia and high power high performance electron-beam-excitation type equipment is attained 
further. 

[0027] Drawing 3 makes an electron emit into direct gas, and shows the 3rd example of a configuration which 
accelerates an electron in gas. The electron emission device from a ferroelectric is completely the same as the case of 
the 1st and 2nd examples of a configuration. As shown in drawing 3 , the source of electron emission constituted from 
a ferroelectric 1 is made to counter with an anode plate 12, and it installs, and between both is filled with laser gas 5. 
The source 1 1 of acceleration voltage is connected to an anode plate 12, the forward electrical potential difference of 
several lOkV is impressed, and while accelerating the electron emitted from the ferroelectric 1 in laser gas 5, laser gas 5 
is excited. The laser light 7 is taken out towards illustration. 

[0028] This 3rd example of a configuration is equivalent to having improved conventional discharge excitation type 
gas laser equipment. In this example of a configuration, an advantageous point is that the need of making a cathode 
surface producing a heavy current community for electron emission is lost, for this reason, an inter-electrode electrical 
potential difference can be reduced in discharge excitation type equipment, and the stability of glow discharge is 
markedly alike and improves. Moreover, when electron emission becomes easy, the preliminary ionization device of 
indispensable gas can be removed with discharge excitation type equipment until now, and large simplification of 
equipment is attained. These results, it becomes possible to set up comparatively freely and the diameter of 
macrostomia and high power discharge excitation type gas laser equipment excellent in the discharge stability which 
was impossible until now also realize an electrode surface product and an electrode spacing. 

[0029] Drawing 4 shows the 4th example of a configuration which controls an electron beam by electric field in the 1st 
example of a configuration. In drawing 4 , the electric-field generating electrode 13 is installed in the field of the gas 
container 6 top and the bottom, according to the electric-field generating voltage source 14, the high voltage is 
impressed and electric field 15 are produced in the direction of a vertical. The orbit of an electron beam 4, a cross- 
section configuration, and a dimension are controlled by this electric field 15. The number of the electric-field 
generating electrodes 13 is not limited to two. The direction of electric field 15 is not limited in the direction of a 
vertical, either. Moreover, you may use together with the electron beam control ( drawing 5 ) by the below-mentioned 
field. This electron beam control approach may be applied not only to the 1st example of a configuration but to other 
examples of a configuration. 

[0030] Drawing 5 shows the 5th example of a configuration which controls an electron beam by the field in the 1st 
example of a configuration. In drawing 5 , the field generating coil 1 8 is installed so that an electron beam 4 may be 
surrounded around the gas container 6, according to the excitation current source 17, a high current is passed and a field 
16 is produced in parallel with an electron beam 4. The orbit of an electron beam 4, a cross-section configuration, and a 
dimension are controlled by this field 16. The field generating coil 18 is not limited to two. The direction of a field 16 
is not limited in the direction of an electron beam 4, either. Moreover, you may use together with the electron beam 
control ( drawing 4 R> 4) by the above-mentioned electric field. This electron beam control approach may be applied 
not only to the 1st example of a configuration but to other examples of a configuration. 
[0031] 

[Effect of the Invention] If this invention is applied to electron-beam-excitation type gas laser equipment, it will 
become possible to remove the gas maintenance thin film which was indispensable until now in equipment of the same 
kind, and the diameter gas laser equipment of macrostomia of a completely new gas excitation method will be realized. 
With the equipment of this new method, problems, such as breakage of are recording and scattering loss of the electron 
in a thin film, and a thin film, vacuum leakage, corrosion of a thin film, and contamination of gas, are solved at once. 
Consequently, efficient and quantity repeat actuation over the long duration of high power gas laser equipment are 
attained. 
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[0032] When applying this invention to the electron-beam-excitation type equipment as usual which uses a gas 
maintenance thin film, improvement in compaction of the build up time of an electron beam current, an electron beam 
electrical potential difference, and the stability of a current is attained, and expansion of an electrode surface product 
also becomes very easy. Much more high-performance-izing of electron-beam-excitation type equipment, and diameter 
[ of macrostomia ]-izing and high-power-izing are attained these results. 

[0033] if this invention is applied to discharge excitation type gas laser equipment, since the heavy current community 
of the cathode surface which was required on the occasion of electron emission will become unnecessary and the 
reduction of inter-electrode electric field of it will be attained, the stability of glow discharge is markedly alike and 
improves. Moreover, since expansion of an electrode surface product and spacing becomes very easy, large increase of 
gas capacity is attained. Since it becomes still more unnecessary [ the preliminary ionization device of gas ], large 
simplification of equipment is also attained. Diameter[ of macrostomia ]-izing of discharge excitation type gas laser 
equipment which was difficult until now, and high power-ization are realized these results. 

[0034] As mentioned above, the completely new high performance gas laser equipment with which the demerit of the 
conventional electron-beam-excitation type, a discharge excitation type, and both sides was compensated, and the 
advantage was doubled and in which high power, efficient, and high repeat actuation are possible is realized. This 
invention contributes to implementation of the future high power and efficient gas laser driver for nuclear fusion with 
which high repeat actuation is demanded or high-power-izing of the high repeat laser equipment already widely used in 
the industrial world, and diameter-ization of macrostomia greatly. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] , 

[Drawing 1] The 1st example of a configuration of this invention is shown, and the example which is made to emit an 
electron directly into gas from a ferroelectric, and excites gas is shown. 

[Drawing 2] The 2nd example of a configuration of this invention is shown, an electron is made to once emit into a 
vacuum from a ferroelectric, it accelerates, and the example which is made to pass a thin film after that and is driven in 
into gas is shown. 

[Drawing 3] The 3rd example of a configuration of this invention is shown, and the example which accelerates in gas 
the electron made to emit directly into gas from a ferroelectric is shown. 

[Drawing 4] The 4th example of a configuration of this invention is shown, and the example which controls the orbit of 
an electron beam, a cross-section configuration, and a dimension by electric field in the 1st example of a configuration 
is shown. 

[Drawing 5] The 5th example of a configuration of this invention is shown, and the example which controls the orbit of 
an electron beam, a cross-section configuration, and a dimension by the field in the 1st example of a configuration is 
shown. 

[Drawing 6] Conventional electron-beam-excitation type gas laser equipment is shown. 
[Drawing 7] Conventional discharge excitation type gas laser equipment is shown. 
[Description of Notations] 

1 Ferroelectric 

2 Slit Electrode 

3 Reversal Electrode 

4 Electron Beam 

5 Laser Gas 

6 Gas Container 

7 Laser Light 

8 Reversal Voltage Source 

9 Vacuum Acceleration Section 

10 Gas Maintenance Thin Film 

1 1 Source of Acceleration Voltage 

12 Anode Plate 

13 Electric-Field Generating Electrode 

14 Electric-Field Generating Voltage Source 

15 Electric Field 

16 Field 

17 Excitation Current Source 

18 Field Generating Coil 

19 Electric Insulating Plate 

20 Electron Emission Side 

21 Cathode 
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DRAWINGS 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 



21 m& 

7 ls-4f-J 




5 V -*f—% 7, 



777- ^ 6 JJT^M 



[Drawing 7] 
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WRITTEN AMENDMENT 



[a procedure revision] 

[Filing Date] July 19, Heisei 1 1 (1999. 7.19) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] When this electron beam generation source impresses a pulse voltage to a ferroelectric in the gas excitation 

equipment which pours in into gas the electron made to emit from an electron beam generation source, and excites it, it 

is gas excitation equipment characterized by being the thing to which an electron is made to emit. 

[Claim 2] Said electron beam generation source is gas excitation equipment according to claim 1 characterized by 

having inserted the ferroelectric plate with two electrode plates, and impressing a pulse voltage to these two electrode 

plates. 

[Claim 3] One side of said two electrode plates is gas excitation equipment according to claim 2 characterize by 
constitute from the metal vacuum evaporationo film thin enough or metal thin film which constitutes , and is make to 
emit an electron from the this exposed field , or an electron penetrates , and which is extent so that some ferroelectrics 
may be outside exposed , and make an electron emit from the metal thin film . 

[Claim 4] Gas excitation equipment according to claim 3 characterized by having impressed the amphipathy square 
wave pulse voltage reversed from straight polarity to negative polarity to the electrode by the side of the rear face of 
said two electrode plates, and grounding the electrode plate by the side of an electron emission side. 
[Claim 5] Gas excitation equipment according to claim 3 characterized by preparing the anode plate which connected 
the source of acceleration voltage to it while impressing the amphipathy square wave pulse voltage reversed from 
straight polarity to negative polarity to the electrode by the side of the rear face of said two electrode plates and 
grounding the electrode plate by the side of an electron emission side to it. 

[Claim 6] Gas excitation equipment according to claim 1 to 5 characterized by pulling out an electron from a 
ferroelectric where said ferroelectric and gas are contacted, and pouring in an electron directly into gas from a 
ferroelectric. 

[Claim 7] Gas excitation equipment according to claim 1 to 3 characterized by making an electron once emit into a 
vacuum from said ferroelectric, and pouring in an electron into gas through a diaphragm etc. after that. 
[Claim 8] Gas excitation equipment according to claim 7 which connects the source of acceleration voltage to a surface 
electrode, and makes a two-electrodes plate negative quantity potential, and is characterized by having grounded said 
diaphragm and making it function as an anode plate while impressing an amphipathy square wave pulse voltage which 
a rear- face electrode reverses from straight polarity to the surface electrode by the side of electron emission between 
said two electrode plates at negative polarity. 

[Claim 9] Gas excitation equipment according to claim 1 to 8 characterized by having prepared the electrode of the pair 
for controlling the orbit of said electron beam made to emit, a cross-section configuration, and a dimension by electric 
field, and impressing an electrical potential difference to this inter-electrode ones. 

[Claim 10] Gas excitation equipment according to claim 1 to 9 characterized by having had the field generating coil for 
controlling the orbit of said electron beam made to emit, a cross-section configuration, and a dimension by the field, 
and passing a current in this coil. 
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[ a procedure revision] 

[Filing Date] January 31, Heisei 12 (2000. 1.31) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] When this electron beam generation source impresses a pulse voltage to a ferroelectric in the gas excitation 

equipment which pours in the electron made to emit from an electron beam generation source into laser gas, and excites 

it, it is gas excitation equipment characterized by being the thing to which an electron is made to emit. 

[Claim 2] Said electron beam generation source is gas excitation equipment according to claim 1 characterized by 

having inserted the ferroelectric plate with two electrode plates, and impressing a pulse voltage to these two electrode 

plates. 

[Claim 3] One side of said two electrode plates is gas excitation equipment according to claim 2 characterize by 
constitute from the metal vacuum evaporationo film thin enough or metal thin fi lm which constitutes , and is make to 
emit an electron from the this exposed field , or an electron penetrates , and which is extent so that some ferroelectrics 
may be outside exposed , and make an electron emit from the metal thin film . 

[Claim 4] Gas excitation equipment according to claim 3 characterized by having impressed the amphipathy square 
wave pulse voltage reversed from straight polarity to negative polarity to the electrode by the side of the rear face of 
said two electrode plates, and grounding the electrode plate by the side of an electron emission side. 
[Claim 5] Gas excitation equipment according to claim 3 characterized by preparing the anode plate which connected 
the source of acceleration voltage to it while impressing the amphipathy square wave pulse voltage reversed from 
straight polarity to negative polarity to the electrode by the side of the rear face of said two electrode plates and 
grounding the electrode plate by the side of an electron emission side to it. 

[Claim 6] Gas excitation equipment according to claim 1 to 5 characterized by pulling out an electron from a 
ferroelectric where said ferroelectric and gas are contacted, and pouring in an electron directly into gas from a 
ferroelectric. 

[Claim 7] Gas excitation equipment according to claim 1 to 3 characterized by making an electron once emit into a 
vacuum from said ferroelectric, and pouring in an electron into gas through a gas maintenance thin film after that. 
[Claim 8] Gas excitation equipment according to claim 7 which connects the source of acceleration voltage to a surface 
electrode, and makes a two-electrodes plate negative quantity potential, and is characterized by having grounded said 
gas maintenance thin film and making it function as an anode plate while impressing an amphipathy square wave pulse 
voltage which a rear- face electrode reverses from straight polarity to the surface electrode by the side of electron 
emission between said two electrode plates at negative polarity. 

[Claim 9] Gas excitation equipment according to claim 1 to 8 characterized by having prepared the electrode of the pair 
for controlling the orbit of said electron beam made to emit, a cross-section configuration, and a dimension by electric 
field, and impressing an electrical potential difference to this inter-electrode ones. 

[Claim 10] Gas excitation equipment according to claim 1 to 9 characterized by having had the field generating coil for 
controlling the orbit of said electron beam made to emit, a cross-section configuration, and a dimension by the field, 
and passing a current in this coil. 
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